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sound signaling. Indeed, it is even possible for the lifted sound to windward to strike a shore cliff, or other object, and be reflected back in such manner that the echo alone is heard, and the friendly, warning signal, -thereby, transformed into a lure to danger.
From the figure, it is also evident that the sounds are much farther and better heard to the windward from elevated sources than from those near the surface—hence, one of the great advantages in having bells in high steeples rather than near the ground. Likewise, sounds to windward, especially if originating near the surface, often are best heard at elevated points; better in the " crow's nest," for instance, than on the deck.
Another interesting phenomenon in this connection is the carrying of sounds from the windward to the leeward side of a mountain where they sometimes are so distinctly heard as to appear but a little way off. The •wind, increasing in speed with distance from the surface, flows parallel,
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FIG. 153.—Sound crossing a mountain to leeward.
roughly, to the mountain sides—up one side and down the other. Hence, •the forward portion of a wave front tends more and more toward the •vertical as it climbs the windward side of the mountain, crosses the ridge upright (if the wind is suitable) and then focuses onto the leeward valley beyond, all as diagrammatically illustrated in Fig. 153, in which S is the source of the sound and F its diffuse leeward focus, determined by "the wind currents, as indicated in the figure, by the progressive positions of the wave front.
The acoustical effects of oppositely directed winds in adjacent layers ure worth considering, because such opposing winds frequently occur, for instance, when, in middle latitudes, the surface wind is from the east; in places of strong land and sea breezes; and in all trade wind regions.
The general effect in question is quite obvious from Fig. 152. That is, a sound made near the surface, by the firing of a large cannon, say, is first lifted on the windward side as indicated, and later, on getting into the oppositely directed upper current, tipped forward and downward, as readily conceived, though not indicated in the figure. In this way exceptionally loud sounds occasionally are heard 100 miles or more fro in the source, and over extensive areas beyond a broad zone of silence. Occasionally, however, the sound is heard in several widely different directions from the source across an almost, if not quite, continuous zone of silence, an effect that obviously cannot be caused by upper winds.

